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To understand or not to understand? 
Evidence and challenges in assessing the  
potential of problem-based learning (PBL) 
Antonia Scholkmann, Sofie Loyens, Felix Sebastian Koch, Bianca Roters, 
Judith Ricken & Lars Owe Dahlgren (†) 
With problem-based learning (PBL) now a widely advocated instructional approach in higher educa-
tion, empirical evidence about PBL’s potential to foster student learning is crucial. The present paper 
presents results from a research project funded by the German Federal Ministry of Education and 
Research (BMBF). This project followed the objective to give recommendations on whether PBL 
should be advocated for German higher education on a broader basis. The study compares students 
following a PBL curriculum to those in a traditional lecture-based curriculum to assess whether the 
former acquire deeper and more complex knowledge structures. In the sense of Schaper (2014), this 
study can serve an example for effectiveness research (Wirkungsforschung) focused on the course-
concept instructional level. The experiences gained within our approach illustrate the specific chal-
lenges of this type of research, especially when conducted in a non-experimental field and with non-
randomized samples. The findings shed light on a potential measure of learning success in PBL curric-
ula, and on possible advancements in research designs for (higher) educational purposes. Our paper 
can serve both as an example and as a starting point for further research, addressing not only research 
into the efficacy of specific instructional arrangements, but also the complex interplays between 
research questions, designs, measures and obtained empirical evidence. 
1 Introduction 
Problem-based learning (PBL) has been discussed as a well-developed approach to support students’ 
learning (e.g. Abrandt Dahlgren & Dahlgren, 2002; Aditomo et al., 2011; Loyens & Rikers, 2011). Educa-
tional change as we see it with the implementation of PBL, however, poses a challenge in terms of the 
time and resources it consumes. As a result, it can be met with reservations and opposition from ad-
ministrators, staff and students alike (e.g. Kolmos, 2010). Empirical evidence supporting the use of PBL 
can provide valuable argumentation aids.  
When it comes to effectiveness research (Wirkungsforschung, cf. Schaper, 2014, p. 76), researchers in 
higher education face a set of specific challenges. Firstly, advantages of instructional innovation are 
not easily discovered in general, and this holds especially true for the PBL field of educational research 
(Scholkmann, 2016).  
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When it comes to knowledge-related learning outcomes, several studies and meta-analyses showed 
no difference between students from PBL and traditional lecture-based learning (LBL) programs 
(Colliver, 2000; Cohen-Schotanus et al., 2008; Dochy et al., 2003; Vernon & Blake, 1993). However, 
evidence exists that PBL might be beneficial for the acquisition of higher order thinking skills. In their 
meta-analysis Gijbels et al. (2005) found that PBL students performed better in knowledge tests as-
sessing their understanding of principles and the application of these principles (cf. also Walker & 
Leary, 2009). In other measures, such as the acquisition of systematic competence, PBL students also 
benefitted more than LBL students (Scholkmann & Küng, 2016). It is important that the measure used 
to determine the efficacy of an instructional innovation is chosen carefully and in accordance with the 
intended outcomes of this innovation (cf. also Biggs & Collis, 1982). 
Another challenge for studies examining the effectiveness of an instructional innovation such as PBL 
lies in the need for experimental design (e.g. Shadish et al., 2001). In practice, ethical, feasibility, and 
scientific factors make experimental designs difficult to implement in educational research. Firstly, 
studies that randomly allocate students to treatment/non-treatment groups can be perceived as 
withholding a potentially beneficial treatment. They are therefore practiced only in short-term inter-
ventional designs, which automatically excludes the possibility of recording the long-term effects of 
an instructional arrangement. Secondly, finding teachers or institutions that are willing to participate 
in an experimental design can be difficult because they fear the organizational challenges or do not 
see a return on investment for their engagement. Thirdly, in educational research a qualitative-
interpretative stance is still considered the best way to decipher the complex interplays of social phe-
nomena, resulting in fragile evidence that lacks the substance for causal inferences (cf. Oakley et al., 
2003).  
Between 2009 and 2012, the German Federal Ministry of Education and Research funded a project 
aimed at generating expertise on whether a broader change toward PBL should be recommended. 
Given the need for empirically substantiated argumentation, one focus of this project was to gain 
insights into the advantage of PBL for students’ acquisition of knowledge and competences in com-
plex decision-making. The construct of deep understanding of subject matter (e.g. Bowden & Marton, 
1998) was applied as a suitable measure to demonstrate PBL’s potential to foster higher-order think-
ing skills. In order to address the unequivocal challenge of conducting research in a social field while 
generating causally valid evidence for the present study, a quasi-experimental or “pre-experimental” 
(Campbell & Stanley, 1967, p. 8 et seq.) research design was chosen, comparing students from natu-
rally found groups of problem-based and lecture-based psychology bachelor programs at five Euro-
pean universities. Thus, and in the sense of Schaper (2014), the study serves as an example of effec-
tiveness research that focuses on the course-concept instructional level. The experiences gained 
within our approach illustrate the specific challenges of this type of research, especially when con-
ducted in a non-experimental field and with non-randomized samples. 
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2 Theoretical underpinnings 
2.1 Problem-based learning and deep understanding  
Problem-based learning (PBL), as developed initially for medical education at McMaster University in 
Canada, is an instructional technique in which learning is stimulated by working on real-life, complex 
problems. These problems are treated as the starting point of learning and are hence discussed before 
any other curriculum input. Scaffolding is provided, which consists of distinct steps in dealing with the 
problem. In small groups, students discuss possible explanations or solutions, and formulate learning 
issues.  In the subsequent individual self-study phase, students prepare themselves for the next group 
meeting by selecting and reading relevant literature about the topic. 
Group meetings are attended by a tutor whose main role is to facilitate students’ learning processes 
by asking stimulating questions, making sure relevant content information is discussed, evaluating 
the progress of discussion, and monitoring the involvement of all group members (Barrows & 
Tamblyn, 1980; Hmelo-Silver & Barrows, 2006; Savin-Baden, 2000). Another important specificity of 
PBL is that this instructional technique is not implemented in single courses in isolation, but as the 
dominant teaching and learning approach throughout a whole curriculum. 
Deep understanding has been defined as a qualitative change in the internal organization and repre-
sentation of distinct pieces of information as the outcome of meaningful (learning) processes 
(Bowden & Marton, 1998; Marton & Booth, 1997). It first was described in the early 1970s in the work 
of the so-called Gothenburg group (Dahlgren, 1979; Dahlgren & Marton, 1978), but more recent stud-
ies have also focused on deep understanding as a research construct (e.g. Entwistle & Entwistle, 1991; 
Wilhelmsson et al., 2011). With its focus on an organized knowledge structure, deep understanding 
shows similarities with other concepts such as the development of expertise (Chi et al., 1981), text 
comprehension (Kintsch, 2007), and knowledge encapsulation theory (e.g., Rikers et al., 2000). 
PBL is thought to foster students’ ability to acquire deep understanding because it helps them to 
develop an extensive and flexible knowledge base (Hmelo-Silver, 2004). Such a knowledge base is 
constituted through the coherent organization of knowledge around the deep principles of a domain 
(Bereiter & Scardamalia, 1993), and at the same time involves the activity of integrating information 
across multiple domains. Deep understanding, which also can be viewed as “a mental act of connect-
ing parts into a coherent system, as well as decomposing larger objects into sub-parts” (Wilhelmsson 
et al., 2011, p. 2), shows structural analogies with development of flexible knowledge. This claim is 
substantiated by empirical findings that PBL students are better able to synthesize, integrate, and 
apply basic science concepts to clinical contexts (de Grave et al., 2001; Patel et al., 1991). Also, several 
studies in the medical education domain have shown that PBL students focus more strongly on con-
ceptual understanding than on mere repetition of facts (McParland et al., 2004; Newble & Clarke, 
1986; Cole, 1985). 
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2.2 Quasi-experimental field studies 
In order to test the assumption that PBL students outperform students from traditional LBL curricula, a 
quasi-experimental field study approach, which included the comparison of non-randomized samples 
from PBL vs. traditional LBL curricula, was chosen in the present case. This kind of research design has 
been classified as “pre-experimental” (Campbell & Stanley, 1967, p. 8 et seq.), because it does not fully 
fulfill the requirements of a controlled design. This may threaten the validity of the findings, especially 
because the samples are not controllable in terms of selection biases and hence no interaction effects 
between treatment and group characteristics can be computed. However, as opposed to other possi-
ble solutions, the “static group comparison” (Campbell & Stanley, ibd.) undertaken in the present case 
can be seen to fulfill at least some of the validity requirements defined by these authors.  
Also, quasi-experimental designs are considered to be indicated “when the variables of interest can-
not be controlled through the means of manipulation, inclusion, exclusion, or group assignment” 
(Edmonds & Kennedy, 2013, p. 96). The last point is particularly relevant for the present study as it was 
not feasible to assign participants randomly to research groups. PBL in general is not equally imple-
mented throughout Europe, with a strong tendency for programs following this approach in Scandi-
navia (cf. Ricken, 2011) and the western European countries (especially the Netherlands). In Germany, 
PBL has been mainly implemented in medical curricula; programs in some other fields show an open-
ness to adopt this instructional approach (Stöhr 2010; Becker et al., 2010). However, the approach is 
implemented mostly at individual course level and not throughout a whole curriculum. It is for this 
reason that the PBL samples in the present study were acquired at one Dutch and one Swedish uni-
versity, whereas the LBL samples were acquired at three German universities. In order to maximize 
comparability of the samples, only one academic discipline was chosen, namely the field of psycholo-
gy. Psychology has been shown to share a highly standardized curriculum across European and An-
glo-American countries, which allows us to assume comparable learning content and, therefore, to 
make cross-national comparisons (Newstead & Makinen, 1997; Trapp et al., 2012).  
It has been pointed out that, from an ethical viewpoint, a randomized allocation of subjects to treat-
ment conditions is only possible if there is substantial uncertainty about the positive or negative 
effects of the treatment (Oakley et al., 2003). This was not the case for the present study given the 
existing empirical evidence – another reason for the quasi-experimental design chosen here. As a 
further measure to minimize threats to validity through effects of individual maturation and/or drop-
out of participants (Campbell & Stanley, 1967), only first year students at the end of their first semes-
ter were included in the study. 
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3 Method 
3.1 Design of the study 
3.1.1 Samples under survey 
Five research samples of between 19 and 53 participating students were collected from psychology 
bachelor programs across Europe for this study. Two samples were gathered from programs in which 
PBL was fully implemented, i.e. served as the dominant instructional approach throughout the curric-
ulum. Of these, one was from a Dutch university and one from a Swedish university. Three samples 
were gathered from three German universities applying a traditional LBL approach.  
The comparability of the samples under survey was ensured with respect to their curricula (number of 
subjects implemented in the first year of studies and scope of topics covered). Variance was only 
tolerated with respect to courses in pedagogical or learning psychology. Those subjects were covered 
at first-year level in the PBL programs but not in the LBL programs. In contrast, the instructional activi-
ties were described as differing widely between the PBL and LBL approaches. Learning in the German 
programs took place in lectures and traditional seminars with individual paper presentations, while 
group work was implemented only selectively. In contrast, the students in the Dutch and Swedish 
programs worked with authentic problems in small groups continuously over the whole semester. 
This was complemented by short-term individual paper presentations as well as self-organized group 
work (Swedish program). Lectures in the Dutch and the Swedish programs were limited in number 
and served not so much as knowledge transmission, but as a way to provide additional information 
(cf. Table 1). 
In total, 214 students participated in the study, all on a voluntary basis (i.e. no benefits or bonuses 
were awarded). 
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Table 1: Characteristics of the samples under survey 
University I II III IV V 
Country Germany 
The 
Nether-
lands 
Sweden 
Instructional arrangement LBL PBL 
N 43 53 51 48 19 
Subjects taught in first year 
Introduction, overview of the discipline x x x  x 
Developmental psychology x x x x x 
Biological psychology or psychology of the 
brain 
x x x x x 
Personal and/or social psychology x x x x  
Pedagogical or learning psychology    x x 
Research methods and/or statistics x x x x x 
Instructional activities provided in the program1 
Introductory lecture x x x x x 
Response lecture    x x 
Advanced-topic lectures x x x x x 
Working on authentic problems    x x 
Short-term individual paper presentation  
(4-6 weeks) 
x   x x 
Long-term individual paper presentation 
(whole semester) 
x x x   
Practicum / training / skills lab x x x x x 
Working on open-ended tasks x x x x x 
Writing of essays x x x x x 
Self-organized group work x x x  x 
Additional instructional elements (if any)2 
Facilitation of the learning process by  
academic staff and/or faculty tutors 
   x x 
Facilitation of the learning process by  
student tutors 
 x  x  
Implementation of group activities1;2 
Throughout the whole program    x x 
At single-class level x x x   
1 Information retrieved from official documents  
2Information provided courtesy of program coordinators 
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3.2 Measures 
3.2.1 Test for deep understanding 
In order to obtain a measure for students’ display of deep understanding, a procedure was used that 
had been applied in the original research on this construct (Dahlgren & Marton, 1978;  Marton & Säljö, 
1976). Participants were asked to read a 1.5-page stimulus text and then answer the question “What is 
the text about?” in the form of a written essay. A text by the German neuropsychologist Gerald Hue-
ther about the conditions and consequences of children’s cognitive development (Huether, 2006, p. 
68 et seq.) served as the stimulus text. This specific text was chosen because it touched on subjects 
that had been taught in all five programs at the time of testing (e.g. the domains of developmental 
and biological psychology). The stimulus text was translated from German to English, which then 
served as master copy for translation into the respective testing languages. A native speaker from 
each country performed an additional check on the correct use of subject-specific terminology. Partic-
ipants answered the essay task (and all other items) in their respective language, i.e. Swedish students 
in Swedish, Dutch students in Dutch, and German students in German.  
All qualitative essays were rated according to a coding scheme (Eder et al., 2011). This scheme defined 
six distinct levels of understanding, which were based on the SOLO taxonomy by Biggs & Tang (2009). 
It used the same names for the categories as in SOLO, and it additionally gave a numerical expression 
for each level of understanding in order to transfer the qualitative assessment into a quantifiable 
measure. In accordance with SOLO, the levels of understanding build upon each other, i.e. level 2 also 
comprises the aspects of level 1 and so on. Exceptions are level 0, which is separated from the higher 
levels in terms of both structure and content, and level 5, which integrates the content of levels 1-4 
but does not necessarily reflect them formally (cf. Table 2).  
Number Description 
Label (cf. Biggs & 
Tang, 2009) 
Relations 
between levels 
0 
Student “misses the point”, i.e. puts the focus on a marginal 
and/or irrelevant aspect of the text 
“misses the point” 
Now connection 
with higher levels 
1 
Student reproduces the fundamental message (core argu-
ment) around which a text is structured 
pre-structural 
Levels build upon 
each other, i.e. 
elements are 
repeated 
2 
Student reproduces the fundamental message plus one of 
the argumentative strands by which the fundamental mes-
sage is advocated 
uni-structural 
3 
Student reproduces the fundamental message plus more 
than one or all argumentative strands by which the funda-
mental message is advocated 
multi-structural 
4 
Student reproduces the fundamental message, all argumen-
tative strands plus the implication of examples and differen-
tiating aspects 
relational 
5 
Student connects the meaning of the text to an overall 
academic discourse 
extended abstract 
Lower levels are 
integrated, but 
not necessarily 
repeated 
Table 2: Levels of understanding – coding scheme (cf. Eder et al., 2011). 
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3.2.2 Survey of control variables 
To further control the comparability of the samples, the following set of control variables was applied: 
Age, gender, family situation, economic situation, general or other education prior to university GPA 
(vocational training, time spent abroad), experience with small group work, transfer of knowledge 
into practice, reading habits, both parents’ or guardians’ highest educational degree and prior sub-
ject-specific knowledge. All variables were surveyed with either nominal or rating-scale items, respec-
tively (cf. Eder et al., 2011).   
In addition, a baseline measure for previous knowledge of subjects covered in the testing was applied. 
Knowledge was assessed in five domains (biological psychology, evolutional psychology, knowledge 
and thinking, educational psychology, and developmental psychology) using a standardized progress 
test frequently applied in PBL programs (e.g. Albano et al., 1996; De Koning et al., 2012). 
3.4 Procedure 
Students completed the essay-writing task after one semester in the respective bachelor program, i.e. 
at the end of the first semester. They were also asked to provide information relating to the control 
variables defined above at this point. The test for prior knowledge was administered separately, at the 
very beginning of participants’ first semester of studies. 
The essay-writing task was completed by the participants in their respective native language, i.e. 
Swedish, Dutch, and German. For the assessment of the levels of deep understanding, the resulting 
essays were rated in teams. Each team consisted of three raters highly proficient in the respective 
testing language. Reliability of ratings was ensured following a negotiated consent procedure (Wahl-
ström et al., 1997). Negotiated consent enables initial decisions to be revised; however, a strict proce-
dure was employed with respect to potential negotiation of the initial judgment in this study. Negoti-
ation was only allowed if two raters differed by no more than one level (e.g. level 2 vs. level 3).  In this 
case, the rating team was to agree on a common new rating (either level 2 or level 3). If the individual 
raters differed by more than one level, the respective answer was to be rejected as “not ratable”. 
All quantitative data were electronically processed with the survey tool EvaSys and subsequently 
analyzed using SPSS 20. The levels of understanding obtained from the essays were analyzed with 
respect to their distribution characteristics and afterwards compared with non-parametric procedures 
for the five samples (Kruskall-Wallis test for rank differences) due to not fulfilling prerequisites for the 
use of parametric computation. In addition to the group comparison, analyses of the interdepen-
dences between levels of understanding and control variables were also performed. This was done 
where possible by Pearson’s correlations. Where the data structure did not allow for more elaborate 
statistical tests like regression- or multi-level analyses, the non-parametric equivalent (η) was applied. 
A propensity score matching was not applicable in this study due to the double-selective covariate 
(PBL and national context) as well as the uneven sample size.  
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4 Findings 
4.1 Descriptive statistics 
Participants were on average 21.6 years old, with a standard deviation of 3.59 years. 34 were male and 
180 female. Participants from the five samples did not differ with respect to their mean age, F(4)= 
1.73, gender distribution, χ²(4)=.49, their self-assessed economic situation, F(4) = .80, completion of 
vocational training prior to studying, χ²(4) = 3.64, amount of experience with small group work, F(4) 
=.632, amount of experience with theory-practice transfer, F(4) = .47, reading habits for non-scientific 
magazines, journals and/or newspapers, F(4) = 2.17, and their father’s highest level of education 
(surveyed with the International Standard Classification of Educational Programs, ISCED), χ²(24) = 
31.32. 
Differences between the samples could be seen for the following variables: Grade point average (GPA) 
for final school results, F(4) = 115.48, family situation (whether living in a household with children, 
without children but with other adults, as a single parent, or alone), χ²(12) = 65.85, duration of work 
experience before or whilst studying, F(4) = 9.18, time spent abroad during school, χ²(4) = 16.30, 
reading habits for academic literature (articles, journals and/or periodicals), F(4) =2.94, and mother’s 
highest level of education, χ²(24) = 39.70.  There was also a difference in five domains of prior psycho-
logical knowledge, which was assessed as a baseline measure at the beginning of participants’ stud-
ies. For the aggregate score, group differences proved significant, F(4) = 29.16. 
The levels of understanding obtained for the 214 essays ranged from 0 (“misses the point”) to 5 (ex-
tended abstract). For samples from all five universities, the highest percentage of essays scored within 
level 2 or level 3; however, a substantial number of ratings for each university fell into the “misses the 
point” category (between 18.8% and 31.6%), with only relatively few found to meet the level 4 criteria 
(between 19.6% and 14%). Only one person in one of the samples reached level 5 (0.5% in total). The 
overall distribution of levels of understanding was neither normally nor equally distributed across the 
categories, Kolmogorov-Smirnov’s Zs = 2.86 and 3.66, respectively. Mean ranks where between 120.99 
(University II) and 100.97 (University IV; cf. Figure 1).  
4.2 Test for group differences 
Due to the non-parametric data structure (cf. 4.1), a Kruskall-Wallis-Test was performed to test for 
differences between each of the five groups in the sample with respect to the obtained levels of un-
derstanding. The Kruskall-Wallis-Test showed that mean ranks did not differ significantly between 
levels of understanding in each of the five groups, χ²(4) = 3.91.  
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Figure 1: Distribution of levels of understanding 
4.3 Correlations of levels of understanding with control variables 
Neither age nor gender correlated with the obtained levels of understanding, nor did the students’ 
general family situation.  In contrast, both the mother’s and the father’s highest educational degree 
correlated with the level of understanding, although only in a small to moderate range. Neither GPA 
nor the type of high school degree correlated with the level of understanding, nor could any effect be 
seen for work experience before or whilst studying, previous experience working in small groups 
and/or applying knowledge to concrete situations. The type of formal high school qualification ap-
peared weakly associated with level of understanding in the nonparametric test. Reading did not 
correlate with level of understanding – for both academic and non-academic publications – but there 
was a middle-range positive and significant correlation with self-assessed proficiency in the testing 
language, however this measure applied only to the sub-group of on-native speakers. Finally, there 
was no correlation with the test for previous knowledge taken at the beginning of the academic term 
(cf. Table 3). 
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Correlation with level of 
understanding 
 
r η N1 
Age (years) -.03 -- 211 
Gender -- .03 214 
Family situation  -- .06 213 
Mother’s highest academic degree (ISCED level) -- .20 199 
Father’s highest academic degree (ISCED level) -- .21 192 
GPA -.30 -- 197 
Type of formal educational degree (high school or oth-
er)  
-- .12 210 
Duration of work experience before or during studies 
(years) 
.05 -- 213 
Experienced with small-group collaborative work (fre-
quency) 
.03 -- 210 
Experienced with applying knowledge to concrete 
situations (frequency) 
-.02 -- 211 
Reading of academic literature (frequency) .04 -- 204 
Reading of non-academic journals, newspapers and 
periodicals (frequency) 
.06 -- 203 
Proficiency in testing language (if not mother tongue)  .41 -- 221 
Knowledge Pretest Score  (t0)  -.03  156 
1 Smaller Ns are due to either selective drop-outs on the respective item or because the respective item only applied to a sub-group 
in the total sample and hence was answered only by this sub-group; bold: p < .05  
Table 3:  Correlations between levels of understanding and socio-demographic, education-related and assessment-specific 
variables 
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4.4 Partial correlation between levels of understanding and group (PBL 
vs. LBL)  
Out of the control variables, mother’s highest educational degree was the only one to correlate with 
the obtained level of understanding (cf. 4.3) while also being significantly different across the five 
samples (cf. 4.1). An additional analysis was performed to correct for a possible influence of this varia-
ble on test performance. As a result, the partial correlation between level of understanding and be-
longing to either the PBL or the LBL sample as a dichotomous variable corrected for mother’s ISCED 
level was shown to be not significant, rpartr (144) = -.10. 
5 Discussion 
The present study explored the advantages of learning in a problem-based as opposed to a lecture-
based curriculum. We compared students from naturally found groups of PBL and LBP psychology 
bachelor programs at five European universities. The study was carried out in a cross-national, com-
parative design, with samples in Sweden, the Netherlands and Germany. As a measure for the poten-
tial advantage of PBL, students’ ability to acquire deep understanding was tested in a text-based 
assessment. Overall, the study can be seen as an example of effectiveness research at the course level 
because if focuses on the advantages and disadvantages of instructional innovation compared to 
more traditional forms of teaching (Schaper, 2014).  
The study did not reveal differences between PBL and LBL students with respect to levels of under-
standing, and this remained the case when taking into account the possible influences of additional 
variables. This finding, although disappointing, still raises two important aspects for further discus-
sion. Firstly, the implications of these findings, however preliminary, need to be critically analyzed. 
Secondly, the design of the present study needs to be discussed with respect to its meaning for the 
present as well as future effectiveness studies in (higher) educational research. 
With respect to the current findings, it should be noted that students who participated in the PBL 
arrangements did not outperform their lecture-based counterparts, nor did they stay behind them in 
a measure of academic achievement. This finding is in line with earlier results for the effects of instruc-
tional innovations on knowledge-related measures (e.g. Colliver, 2000; Cohen-Schotanus et al., 2008; 
Dochy et al., 2003; Vernon & Blake, 1993). In the present study, another outcome had been expected 
due to the construct deep understanding being better suited to the PBL process. However, as the 
findings are consistent with earlier research, future effectiveness-related research questions should 
consider that the benefits of participating in an innovative instructional format may evolve only over a 
longer time-span – ranging from a couple of weeks to several years into course participants’ profes-
sional careers (e.g. Cohen-Schotanus et al., 2008; Schmidt et al., 2009).  
Besides its main findings, the data in the present study provided some notable insights for the opera-
tionalization and validation of deep understanding as a research construct. The significant correlation 
between the display of deep understanding and verbal proficiency in the testing language fits with 
the verbal nature of the testing procedure as such. Also, parents’ educational background affected the 
performance in the text-based test, which could also point to the effect of verbal proficiency on the 
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results, as enhanced and more elaborate verbal interactions occur between highly educated parents 
and their offspring (Stanovich, 1993). However, it is worth questioning whether, in the present study, 
the essay-writing task to measure deep understanding was sufficiently aligned with the content of 
subjects’ studies. It cannot be excluded that this task measured a relatively stable “disposition to 
understand for oneself at university” (Entwistle & McCune 2013, p. 267), and not the effects of learn-
ing with or without PBL in a specific subject. 
With respect to the study’s design, our quasi-experimental research approach did not comply with the 
rigorous requirements for experimental educational research. In this respect, it is typical of the dil-
emmatic situation many educational researchers may find themselves in when conducting effective-
ness-related research in authentic programs. Within this type of research, there is only an approximate 
guarantee for the validity of the findings with respect, for example, to (self-)selection of participants 
or interaction effects (cf. Campbell & Stanley, 1967). In the present case, we approached this problem 
by controlling for an extensive list of variables, which enabled some degree of comparability between 
samples. Also, it has been pointed out that with pre-experimental or quasi-experimental designs the 
degree of causality is limited (Shadish et al., 2001), which in the present case was further limited by 
the non-applicability of several statistical options. However, a research approach examining an au-
thentic instructional situation can yield important insights. In light of this, the implementation of a 
pre-experimental design can be seen as an advancement in the quest to generate causal but also 
ecologically valid evidence, taking into account feasibility under the given circumstances. A goal for 
future studies would be to generate viability for a true randomized control trial which has been 
demonstrated to be feasible also in social and educational long-term settings (Oakley et al., 2003).  
In sum, the present study should be treated as an example of how effectiveness-related research on 
instructional arrangements places itself between the demand for rigorously controlled experimental 
approaches (e.g. Loyens et al., 2012) on the one hand, and the practice of conducting non-
experimental studies in educational research on the other. It sheds light on a potential measure of 
learning success in problem-based curricula, and on possible advancements in research designs for 
(higher) educational purposes. We hope that it will serve both as an example and as a starting point 
for further research, addressing not only research into the efficacy of a specific instructional arrange-
ment, but also the complex interplays between research questions, designs, measures and obtained 
empirical evidence. 
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